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𝑅  = 𝑅  1 + 𝐴𝑇 + 𝐵𝑇  +  ﾠ𝐶𝑇  𝑇 − 100 −200°𝐶 < 𝑇 < 0°𝐶  ﾠEq.7 ﾠ




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































𝐴𝑔  + 𝑒  ↔ 𝐴𝑔 𝑠  ﾠ  ﾠ Eq.9 ﾠ
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Danmark Tekniske Universitet – Università degli Studi di Padova 
 
7.2  Measurements for finding equivalent concentrations of WOAs to provide 
equivalent conducitivity to NaCl 
The IPC standards set 1.56 μg/cm
2 of NaCl equivalent as the maximum level of ionic contamination left 
on  PCB  after  manufacturing  and  post  treatment  process,  thus  the  knowledge  of  the  amount  of 
contaminants which reach this equivalent value is of great help to the electronic industry. The purpose 
of this experiment is to determine the concentration of the four WOAs and CaCl2 that has the same 
conductivity and leakage current values of 1.56 μg/cm
2 of NaCl. This was carried out with conductivity 
measurements  and  leakage  current  measurements  using  the  setups  described  in  section  x  of  this 
project. 
 
7.2.1  Conductivity measurements 
Three concentrations of the four WOAs and CaCl2 have been investigated, namely 1, 10 and 100 μg/cm
2.  
A number of three measurements for each WOAs and concentration have been done in order to obtain 
an average reliable value of the conductivity of the solution. The results of solution conductivity are 




  CaCl  Adipic  Glutaric  Malic  Succinic  NaCl 
Concentration 
ug/cm^2 
1  10  100  1  10  100  1  10  100  1  10  100  1  10  100  1.56 
1  20,2  208  1930  9,05  50,6  169,5  3,73  62  222  9,99  136,1  582  25,7  146,8  256  37,6 
2  21,2  207  1970  9,12  50,8  168,2  3,72  62,2  221  10,58  136,2  585  26,5  148,2  259  36,5 
3  20,4  206  1999  9  50  168,7  3,72  63,4  224  10,58  136  584  26  148,2  258  37,2 
Avg. κ,μS/cm  20,6  207  1966,3  9,1  50,5  168,8  3,7  62,5  222,3  10,4  136,1  583,7  26,1  147,7  257,7  37,1 
St.Dev.  0,53  1,00  34,65  0,06  0,42  0,66  0,01  0,76  1,53  0,34  0,10  1,53  0,40  0,81  1,53  0,56 
 
 
The value for the conductivity of NaCl at 1.56 μg/cm
2 was found to be 37.1 μS/cm which is comparable 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































380R  4.15  30.69 
390 RX HT  2.2  15.8 
396 DRM  4  36.85 
94 SEL  2.57  13.85 
327  4.94  29.00 
327 SEL  4.94  19.7 





































































































































































































































































































































































































 ﾠ  -ﾭ‐	
 ﾠ  -ﾭ‐	
 ﾠ  -ﾭ‐	
 ﾠ 
327	
 ﾠ  -ﾭ‐	
 ﾠ  14,7	
 ﾠ  0,5	
 ﾠ 
327-ﾭ‐SEL	
 ﾠ  -ﾭ‐	
 ﾠ  9,7	
 ﾠ  -ﾭ‐	
 ﾠ 
390-ﾭ‐RXHT	
 ﾠ  15,9	
 ﾠ  -ﾭ‐	
 ﾠ  -ﾭ‐	
 ﾠ 
380-ﾭ‐R	
 ﾠ  32,3	
 ﾠ  -ﾭ‐	
 ﾠ  0,4	
 ﾠ 
385-ﾭ‐SEL	
 ﾠ  -ﾭ‐	









 ﾠ  50,3	
 ﾠ  -ﾭ‐	





































































































































































































































































































































































































































































































































































































































































Spectrum  In stats.  O  Ti  Ag  Sn  Nd  Bi  Total 
                  
1  Yes  14.0  22.4  3.0  31.6  23.4  5.6  100.0 
2  Yes  9.7  12.4    65.4  12.4    100.0 
3  Yes  10.2  5.5    78.9  5.4    100.0 
Max. 
  14.0  22.4  3.0  78.9  23.4  5.6   
Min. 










































































































































































































Spectrum  In stats.  O  Ti  Sn  Total 
1  Yes  12.4    87.6  100.0 
2  Yes  13.4  9.9  76.7  100.0 
Max.    13.4  9.9  87.6   





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































40   60    70      80       90          98 40   60    70      80       90          98










 Glutaric 6 ug/cm^2
 Adipic 7 ug/cm^2
 Malic 3 ug/cm^2
 Succinic 2 ug/cm^2
 NaCl 1,56 ug/cm^2







 Glutaric 12 ug/cm^2
 Adipic 14 ug/cm^2
 Malic 6 ug/cm^2
 Succinic 4 ug/cm^2
c)











 Glutaric 18 ug/cm^2
 Adipic 21 ug/cm^2
 Malic 9 ug/cm^2
































































































































































































































































































































































𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ﾠ𝑁𝑎𝐶𝑙 ﾠ𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 ﾠ
𝜇𝑔
𝑐𝑚  =
𝐼 ﾠ 𝑚𝐴  ﾠ𝑜𝑓 ﾠ𝑡ℎ𝑒 ﾠ𝑡𝑒𝑠𝑡𝑒𝑑 ﾠ𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
𝐼 ﾠ 𝑚𝐴 𝑜𝑓 ﾠ1.56𝜇𝑔/𝑐𝑚  ﾠ𝑁𝑎𝐶𝑙






























































































































0 11 23 34 46 57













0 9 18 26 35 44













0 12 24 35 47 59













0 15 30 45 60 75
 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 5 10 15 20 25
0,0000
0,0001
0,0002
0,0003
0,0004
0,0005
0,0006
0,0007
0,0008
0,0009
0,0010
0,0011
0,0012
0,0013
0,0014
 CH9
<
I
>
 
(
m
A
)
time (h)
	
 ﾠ
	
 ﾠ 	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
119	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
Appendix	
 ﾠIII:Product	
 ﾠdatasheet	
 ﾠfor	
 ﾠSolder	
 ﾠFlux	
 ﾠSystems	
 ﾠ
	
 ﾠ
	
 ﾠ
	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
120	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
	
 ﾠ
	
 ﾠ 	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
121	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
	
 ﾠ
	
 ﾠ 	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
122	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
	
 ﾠ
	
 ﾠ 	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
123	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
	
 ﾠ
	
 ﾠ 	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
124	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
	
 ﾠ
	
 ﾠ 	
 ﾠRiccardo	
 ﾠRizzo:	
 ﾠ“Role	
 ﾠof	
 ﾠsupply	
 ﾠchain	
 ﾠlogistics	
 ﾠand	
 ﾠmanufacturing	
 ﾠprocess	
 ﾠon	
 ﾠthe	
 ﾠreliability	
 ﾠof	
 ﾠelectronic	
 ﾠ
devices”	
 ﾠ
	
 ﾠ
125	
 ﾠ
Danmark	
 ﾠTekniske	
 ﾠUniversitet	
 ﾠ–	
 ﾠUniversità	
 ﾠdegli	
 ﾠStudi	
 ﾠdi	
 ﾠPadova	
 ﾠ
Appendix	
 ﾠIV:	
 ﾠCELCORR	
 ﾠtest	
 ﾠPCB	
 ﾠ
	
 ﾠ
Ch	
 ﾠ Terminal	
 ﾠ Dimensions	
 ﾠ
(mm)	
 ﾠ
Resistance	
 ﾠ
(Ω)	
 ﾠ
Power	
 ﾠ
rating	
 ﾠ
(W)	
 ﾠ
Ch	
 ﾠ Terminal	
 ﾠ Dimensions	
 ﾠ
(mm)	
 ﾠ
Capacitance	
 ﾠ
(F)	
 ﾠ
1	
 ﾠ
2	
 ﾠ
3	
 ﾠ
0402	
 ﾠ 1.0x0.5	
 ﾠ
1k	
 ﾠ
10k	
 ﾠ
100k	
 ﾠ
0.063	
 ﾠ
0.063	
 ﾠ
0.0625	
 ﾠ
11	
 ﾠ
12	
 ﾠ
13	
 ﾠ
0402	
 ﾠ 1.0x0.5	
 ﾠ
1000p	
 ﾠ
1000p	
 ﾠ
1000p	
 ﾠ
4	
 ﾠ
5	
 ﾠ
6	
 ﾠ
0603	
 ﾠ 1.5x0.8	
 ﾠ
100	
 ﾠ
0.1M	
 ﾠ
1M	
 ﾠ
0.1	
 ﾠ
0.063	
 ﾠ
0.063	
 ﾠ
14	
 ﾠ
15	
 ﾠ
16	
 ﾠ
0603	
 ﾠ 1.5x0.8	
 ﾠ
47p	
 ﾠ
1n	
 ﾠ
100n	
 ﾠ
7	
 ﾠ
8	
 ﾠ
9	
 ﾠ
0805	
 ﾠ 2.0x1.3	
 ﾠ
68	
 ﾠ
0.33M	
 ﾠ
1M	
 ﾠ
0.1	
 ﾠ
0.125	
 ﾠ
0.123	
 ﾠ
17	
 ﾠ
18	
 ﾠ
19	
 ﾠ
0805	
 ﾠ 2.0x1.3	
 ﾠ
22p	
 ﾠ
1n	
 ﾠ
100n	
 ﾠ
10	
 ﾠ
SIR	
 ﾠ 13x25	
 ﾠ
Reflow	
 ﾠ
surface	
 ﾠ
finish	
 ﾠ
	
 ﾠ
20	
 ﾠ
SIR	
 ﾠ 13x25	
 ﾠ
Solder	
 ﾠmask	
 ﾠ
coated	
 ﾠ
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